Two Gram-negative, aerobic, pale pink/rose-coloured, rod-shaped, non-motile bacterial strains, designated T and RG-4, were isolated from a freshwater fish culture pond and a freshwater spring sample, respectively. Based on characterization by using a polyphasic approach, the two strains showed highly similar phenotypic, physiological and genetic characteristics. They shared 99.9 % 16S rRNA gene sequence similarity and 89-94 % DNA-DNA relatedness, suggesting that they represent a single genomic species. Phylogenetic analysis based on 16S rRNA gene sequences showed that strains GFA-11 T and RG-4 formed a monophyletic branch at the periphery of the evolutionary radiation occupied by the genus Flectobacillus within the family Flexibacteraceae. Their closest neighbours were Flectobacillus major DSM 103 T (97.7 % 16S rRNA gene sequence similarity) and Flectobacillus lacus CL-GP79 T (95.9 %). Levels of DNA-DNA relatedness between the two novel strains and the type strains of F. major and F. lacus were less than 70 %. The results of physiological and biochemical tests allowed clear phenotypic differentiation of strains GFA-11 T and RG-4 from recognized members of the genus Flectobacillus. The predominant fatty acid constituents of strain GFA-11 T were C 16 : 1 v5c (40.2 % of the total) and iso-C 15 : 0 (15.0 %). The DNA G+C content of strain GFA-11 T was 39.7 mol%. On the basis of 16S rRNA gene sequence analysis and chemotaxonomic and physiological data, strains GFA-11 T and RG-4 are considered to represent a novel species of the genus Flectobacillus, for which the name Flectobacillus roseus sp. nov. is proposed. The type strain is GFA-11 T (5BCRC 17834 T 5LMG 24501 T ).
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The genus Flectobacillus, a member of the family Flexibacteraceae, was proposed by Larkin et al. (1977) . Two species ([Flectobacillus] marinus and [Flectobacillus] glomeratus) that were assigned initially to this genus (Borrall & Larkin, 1978; McGuire et al., 1987) were reclassified as Cyclobacterium marinum (Raj & Maloy, 1990) and Polaribacter glomeratus (Gosink et al., 1998) , respectively. At the time of writing, the genus comprised two recognized species, Flectobacillus major and Flectobacillus lacus. F. major, the type species of the genus, was first described as 'Microcyclus major' by Gromov (1963) . F. lacus was isolated from a highly eutrophic pond in Korea (Hwang & Cho, 2006) . The present study focuses on the polyphasic taxonomic study of two Flectobacilluslike strains isolated from two different freshwater ecosystems in Taiwan.
Strain RG-4 was isolated from a freshwater spring located in Ligang Township, Pingtung County, southern Taiwan, on R2A agar (BD Difco) at 25 u C. Strain GFA-11 T was isolated from a freshwater fish culture pond located in Taoyuan County, northern Taiwan, on R2A agar at 25 u C. The two isolates were routinely maintained on R2A agar at 25 u C. Strains GFA-11
T and RG-4 on R2A agar showed similar colony morphology with pale pink to rose colouration. F. major DSM 103 T and F. lacus CL-GP79 T , obtained from DSMZ (Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH) and KCCM (Korean Culture Center of Microorganisms), respectively, were used as reference strains. Strains were preserved at 280 u C in R2A broth with 20 % (v/v) glycerol or by lyophilization with 20 % (w/v) skimmed milk.
The morphology of bacterial cells was observed during the lag, exponential and stationary phases of growth under a phasecontrast microscope (DM 2000; Leica) . Flagellar staining was performed by using the Spot Test Flagella Stain (BD Difco). The Gram reaction was determined by using the Gram Stain Set (BD Difco) and the Ryu non-staining KOH method (Powers, 1995) . Accumulation of poly-b-hydroxybutyrate granules was investigated by light microscopy after staining the cells with Sudan black (Gerhardt et al., 1994) . Colony morphology was examined under a stereo microscope (SMZ 800; Nikon) after incubating the cells on R2A agar at 25 u C for 2 days. Cellular pigments were extracted with acetone/ methanol (7 : 2, v/v) from cultures grown on R2A agar, and the absorption spectra were determined with a scanning UV/ visible spectrophotometer (Helios Delta; Thermo Fisher Scientific). The presence of flexirubin-type pigments was investigated as described by Reichenbach (1992) and Bernardet et al. (2002) .
The optimum pH range for growth was examined by measuring the OD 595 of the cultures grown in R2A broth, adjusted to various pH (4210 at intervals of 1.0 pH units) by using appropriate biological buffers (Chung et al., 1995) . Tolerance to NaCl was tested in R2A broth, adjusted to various NaCl concentrations (0, 0.5 and 1.0-4.0 %, w/v, at 1.0 % intervals). The temperature range for growth (4, 10, 15, 20, 25, 30, 35, 40 and 45 u C) was examined in R2A broth. Growth under anaerobic conditions was checked using the Oxoid AnaeroGen system. Catalase, oxidase, DNase and lipase activities, and hydrolysis of starch, casein, and Tweens 20, 40, 60 and 80 were determined by using standard techniques (Gerhardt et al., 1994) . Additional biochemical tests were performed with the API 20NE, API ZYM, API 50 CH (all bioMérieux) and Biolog GN2 (Biolog) microtest systems according to the methods outlined by the manufacturers. Sensitivity of the strains to different antibiotics was tested after spreading cells (0.5 McFarland) on R2A agar plates. The antibiotic discs (Oxoid) used contained ampicillin (10 mg), chloramphenicol (30 mg), gentamicin (10 mg), kanamycin (30 mg), nalidixic acid (30 mg), novobiocin (30 mg), rifampicin (5 mg), penicillin G (10 mg), streptomycin (10 mg), sulfamethoxazole (23.75 mg), plus trimethoprim (1.25 mg) or tetracycline (30 mg). The effect of antimicrobial agents on cellular growth was assessed after 3 days incubation and susceptibility was scored based on the distance between the edges of the clear zone and the disc.
Cells of strains GFA-11
T and RG-4 were Gram-negative, aerobic, non-spore-forming, straight to slightly curved, non-motile rods. Pigment extracts of strains GFA-11 T and RG-4 showed a major absorption peak at 475-480 nm, similar to the absorption peak values reported for F. major DSM 103
T (480-482 nm) and F. lacus CL-GP79 T (477-481 nm) (Hwang & Cho, 2006) . Flexirubin-type pigments were not detected. Detailed morphological, physiological and biochemical characteristics of strains GFA-11
T and RG-4 are provided in the species description below and in Table 1 . Carbon substrate utilization tests with various sugars and organic acids as substrates revealed few positive results.
Extraction of genomic DNA, PCR amplification and sequencing of the 16S rRNA gene were carried out as described by Chen et al. (2001) . The resultant 16S rRNA gene sequences were compared with sequences from the GenBank database. Multiple sequence alignments of the 16S rRNA genes of strains GFA-11 T , RG-4 and their closest relatives were performed by using BioEdit software (Hall, 1999) and MEGA version 3.1 (Kumar et al., 2004) . Phylogenetic trees were inferred via the maximumlikelihood (Felsenstein, 1981) , maximum-parsimony (Kluge & Farris, 1969) and neighbour-joining (Saitou & Nei, 1987) algorithms. Evolutionary distance matrices were generated for the neighbour-joining tree by using the Kimura two-parameter distance model (Kimura, 1983) and bootstrap analysis was performed based on 1000 resamplings.
Nearly complete 16S rRNA gene sequences were obtained for strains T and RG-4 (1385 nt for the two strains). 16S rRNA gene sequence similarity between the two strains was 99.9 %. Strains GFA-11 T and RG-4 were related most closely to F. major DSM 103 T (97.7 % 16S rRNA gene sequence similarity) and F. lacus CL-GP79 T (95.9 % similarity). Phylogenetic analysis based on 16S rRNA gene sequences indicated that the novel strains belonged to the family Flexibacteraceae, phylum Bacteroidetes, and fell within the evolutionary radiation of the genus Flectobacillus (Fig. 1) . Levels of 16S rRNA gene sequence similarity between strains GFA-11 T and RG-4 and the type strains of all other recognized species in the Bacteroidetes were not more than 95 %. Overall tree topologies obtained by using the neighbour-joining, maximum-parsimony and maximum-likelihood methods were similar (data not shown).
Whole-genome DNA-DNA hybridization experiments were carried out with photobiotin-labelled probes as described by Ezaki et al. (1989) . The level of DNA-DNA relatedness was calculated from triplicate experiments. Levels of DNA-DNA relatedness between strains GFA-11 T and RG-4 were 89-94 %, indicating that they are members of the same genomic species (Wayne et al., 1987) . However, strain GFA-11 T showed only 31±17 % (mean±SD) and 22±14 % DNA-DNA relatedness to F. major DSM 103 T and F. lacus CL-GP79 T , respectively.
For chemotaxonomic analyses, strain GFA-11 T was grown on R2A agar for 48 h at 25 u C. Fatty acid methyl esters were prepared, separated and identified by using the Microbial Identification System (Microbial ID; Sasser, 1990) . The major cellular fatty acid constituents of strain GFA-11 T were C 16 : 1 v5c (40.2 % of the total) and iso-C 15 : 0 (15.0 %) ( Table 2 ). The overall cellular fatty acid profile of strain GFA-11 T was consistent with those reported for F. major and F. lacus. However, strain GFA-11 T could be differentiated from the type strains of F. major and F. lacus by the absence of ECL 14.959 and ECL 15.731 (Table 2 ). The DNA G+C content was determined from triplicate experiments by using HPLC as described by Mesbah et al. (1989) . The DNA G+C contents of strains GFA-11 T and RG-4 were 39.7±1.5 mol% (mean±SD) and 40.1± 1.2 mol%, respectively (Table 1) .
Based on 16S rRNA gene sequence comparisons, strains GFA-11 T and RG-4 occupied a separate phylogenetic position in the genus Flectobacillus. This was confirmed by their unique combination of chemotaxonomic characteristics (Table 2 ) and biochemical traits (Table 1) . It is clear from the genotypic and phenotypic data presented that strains GFA-11 T and RG-4 represent a single novel species of the genus Flectobacillus, for which the name Flectobacillus roseus sp. nov. is proposed.
Description of Flectobacillus roseus sp. nov.
Flectobacillus roseus (ro.se9us. L. masc. adj. roseus rosecoloured, pink).
Cells are Gram-negative, aerobic, non-motile, straight rods (0.3-0.5 mm in diameter and 1.5-2.5 mm in length). Accumulation of poly-b-hydroxybutyrate granules is not observed. Colonies on R2A agar are pale pink to rose coloured, circular (1.5-2.5 mm in diameter), convex and smooth with entire margins. Growth occurs at 10-40 u C and pH 7-8; optimal temperature and pH for growth are 30 u C and pH 7. Good growth is observed on R2A and nutrient agar without NaCl or with 0.5 % (w/v) NaCl; no 
acid, urocanic acid, inosine, thymidine, phenylethylamine, putrescine, 2-aminoethanol, 2,3-butanediol, glycerol and DLa-glycerol phosphate. Sensitive to tetracycline, rifampicin, gentamicin, penicillin G, chloramphenicol, nalidixic acid, novobiocin, streptomycin, ampicillin, and sulfamethoxazole 
